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Abstract 
Carbohydrate and glycoconjugates play a major role in key biological events such as cell-cell 
recognition, pathogenesis and inflammation[1]. As a consequence, there is a need to understand the 
structural parameters governing the recognition of carbohydrate by their receptors. Technologies for rapid 
monitoring and evaluating such interactions are of great importance to provide deep insights relevant to 
carbohydrate involving biological events. However, most conventional approaches are cumbersome and 
material and time consuming. Carbohydrate microarray technology is a promising approach for probing 
carbohydrate/protein interactions because it permits the simultaneous screening of a number of biological 
interactions with only minute amounts of material. Herein, we develop a strategy to probe different 
glycoconjugates (different spatial configuration, linker, geometry…) toward proteins in one time on a 
DNA Directed Immobilization (DDI) oligosaccharide biochip. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction  
Miniaturized analytical systems and microarrays are key technologies for major breakthroughs in the 
fields of biology and biotechnology, including diagnosis and drug discovery. Such systems offer the 
perspective of high throughput analysis, improved lower detection limits, lower sample and reagent 
consumption, and increased signal to noise ratios[2]. Glycoarrays consists of glass slides, chemically 
functionalized, presenting numerous carbohydrates with diverse structures immobilized on their surface. 
We are interested in developing a strategy to probe the binding of different glycoconjugates towards 
PA-IL using glycoarrays technology. However, a key issue in the elaboration of high performance 
devices is the difficulty in obtaining a large variety of glycoconjugates probe as well as the 
immobilisation of the carbohydrate probe. 
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Nomenclature 
DDI DNA-Directed Immobilization  
PA-IL Pseudomonas Aeruginosa Lectin I 
RCA120 Ricinus Communis (castor bean) Agglutinin Lectin 120 
1.1. Lectins 
Lectins are one of the groups of glycan-binding protein, which can non-covalently bind to 
carbohydrates with high specificity. PA-IL is a galactose binding lectin that originates from the bacterium 
Pseudomonas aeruginosa. It is a virulent factor that is suspected to be involved in its adhesion to host 
tissues.
The affinity of PA-IL for D-galactose is 3,4 x 104M-1 [3]. This affinity can be modulated by the 
presence of aglycone and can be enhanced with multivalent ligands thanks to the cluster effect. The 
aglycone can stabilize the complex through additional interactions or lower the entropic cost of binding. 
Multivalent ligands can display exponential increased affinity as function of multivalency provided that 
the spatial distribution of the residues matches the receptor binding sites. 
Herein tetravalent glycoconjugates were synthesized with different linkers varying in charge and 
topology. 
1.2. Glycoconjugates 
Lots of glycoclusters have been designed and reported in literature [4, 5]. Our strategy consists  in 
synthesizing carbohydrate clusters based on a DNA synthesis on solid support to prepare a polyalkyne 
scaffold and using the click reaction [6, 7]. This methodology allows a high geometrical flexibility for an 
optimal arrangement of the ligands through space in order to reach high affinities towards proteins. 
Indeed, there are possibilities to choose different linkers according to their physico-chemical properties 
[8] (charge, length…), distance between residues and the geometry of the glycomimetic [9] (comb-like, 
antenna, crown, carbohydrate centered glycoclusters…). The general structure of our glycoconjugate 
molecules is constituted of carbohydrate residue(s) for interacting with the lectin, a DNA sequence for 
anchoring onto DNA chips through hybridization and a Cy3 fluorescent tag at the 5’-end for the 
determination of relative surface densities of immobilized glycomimetics (see figure1.a).
  (a)      (b) 
Fig. 1: (a) Schematic structure of the glycomimetics. (b) Glycomimetics representation with the name, the charges and the spatial
structure. Linker1= cyclohexanedimethanol (DMCH), Linker2=trishydroxymethylethane (Thme), Linker3= Pentaerythritol (Pe) 
Caracteristics of the used glycomimetics have been reported in Figure1.b:  G1, displaying three 
mannose residues, is the negative control for PA-IL, and G2-G7 are the six glycoconjugates tested with 
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PA-IL: G2 (constructed with linker 1) and G4 (constructed with linker 2) are neutral and comb-like 
glycoconjugates. G3 (constructed with linker 2) and G6 (constructed with linker 3) are negatively 
charged with a comb-like structure or antenna topology respectively. Finally glycoconjugates G5
(constructed with linker 2) and G7 (constructed with linker 3) are positively charged with linear or 
antenna structure respectively. 
1.3. DNA-Based carbohydrate Biochip 
The immobilization of carbohydrate probes is a crucial step  in the elaboration of the glycoarrays. We 
have already demonstrated that glycoconjugates can be efficiently immobilized by hybridization (DDI) 
through their DNA tag on the surface of DNA microarray using minute amounts of material [10]. 
Furthermore, thanks to the DNA-DNA hybridization selectivity, we have also demonstrated that 
glycomimetics and lectins can be mixed in solution for specific recognition and subsequently be 
addressed at a specific location on the surface of the microwells of the biochip for detection [11]. In our 
system, Cy3 fluorescent signal relates to the surface density of the glycoconjugates, whereas Alexa 647 
fluorescent signal relates to the presence of the PA-IL. 
In order to perform multiplexed binding assays with different glycoconjugates, each glycoconjugate 
have to bear a different tag. A set of DNA sequences has been choosen to selectively hybridize G1-G7
under the same conditions with equivalent yields. In our assay, G1-G7 are mixed in solution with PA-IL 
in order to form the complex carbohydrate-lectin eventually with increasing concentration of inhibitor. 
Finally, the resulting complexes are sorted at the surface of micro-reactors bearing the complementary of 
the immobilized DNA sequences. The array format allows us to discriminate the binding of different 
types of multivalent glycoconjugates towards PA-IL when comparing their direct fluorescence intensity. 
2. Results and discussion 
The homogeneity of surface immobilization as function of glycoconjugate concentration was ensured 
between 0.001μM and 1μM (Fig 2 a). Glycoconjugates are not significantly detected at 0.001μM. Their 
surface densities increases from 0.005 until 0.1μM. Beyond 0.1μM, surface density of immobilized 
carbohydrates remains constant. On this plateau region, all glycomimetics are homogeneously hybridized 
on the biochip (fluorescence intensity is between 40000 and 50000.a.u.). Next, the seven glycoconjugates 
were incubated with the lectin PA-IL and the fluorescence at 635nm was recorded (Fig 2 b).
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Fig. 2: Immobilization (via hybridization) control at 532nm (a) and direct fluorescence intensity at 635nm (b) of glycoconjugates
(G1-G7) tested with PA-IL. 
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As expected, G1, a mannose bearing molecule did not exhibited any signal in agreement that no 
binding occurs with PA-IL., We observe that PA-IL lectin prefers to bind to positively charged 
glycoconjugates G5 (Comb-like structure) than negatively charged glycoconjugates G3 and neutral 
glycoconjugates G4. Moreover, Comb-like structure G5 was preferred than antenna structure G7 (also 
positively charged). For neutral glycomimetics G2 and G4, a better binding is observed for G2 (2-times 
higher) probably due to better availability of the carbohydrate residue based on the difference of length 
between linker1 and linker 2 (8 versus 5 atoms). Finally,we have developed an IC50 measurement assay 
based on DDI method and the results are comparable with that observed by direct fluorescence detection. 
3. Conclusion 
Thanks to the use of customized synthesised glycomimetics combined with the microarrays, we have 
shown the influence on  carbohydrate/ lectin binding features of  essential parameters such as the charge 
of the glycoconjugates, the spatial arrangement and orientation of the saccharide residues, the rigidity and 
optimal spacer of the linkage between the ligands. Next step will be to measure Kd values with three 
different ways ('[lectin], SPR, photopotential technique) and perspectives would be to broaden this 
technique for other bacteria and viruses. 
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